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ABSTRACT 
Visual reaction and response times have been shown to increase with age. Research on 
driving has shown that quick reaction times are important for safe driving. To determine if 
visual reaction and response times can be enhanced among elders (mean age= 63.2), this study 
tested a method of training that has previously shown to improve reaction and response times 
among a group of young adults. Although the elders who completed the training program 
showed improved motor response times, we cannot determine if the change was due to the 
training program or due to a learning effect due to task familiarity associated with repeated 
testing of the dependent variables. We believe this area of research warrants further 
investigation. 
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INTRODUCTION 
It is commonly known that people are living longer and healthier lives today than in past 
generations. This fact and the large group of aging post-war baby-boomers will create an 
expanding elder population in the years to come. The optometric profession must be ready to 
offer services that will provide the quality of life expected by this age group. 
One aspect of quality of life that elders enjoy is ease of mobility. The automobile has 
become an integral part of American life, allowing us to move from one activity to another with 
minor effort and few constraints. As people age, driving may become more difficult and even 
hazardous. Although elder drivers do not increase the overall number of traffic accidents or 
violations significantly (Evans, 1988), their rate of traffic accidents and citations per mile is 
higher than any other age group except the youngest drivers (Husten and Janke, 1986; 
Planek,l973). Compared to younger drivers, elder drivers are also involved in more two-vehicle 
accidents than single-vehicle accidents (Campbell, 1966). 
An efficient and acute visual system is needed for safe driving. Burg (1967, 1968) and 
Hills and Burg (1977) found a low but systematic correlation between accident experience, 
binocular distance acuity and dynamic visual acuity in a study of 17,500 California drivers, 55 
years of age or older. Henderson and Burg (1974) assigned weights to the visual functions 
thought to be important to driving. In ascending order of importance they were: detection of 
angular motion, detection of motion in depth, size of useful visual field, acuity, saccadic fixation 
and dynamic acuity. 
All states have visual acuity requirements that must be met prior to receiving a driving 
license. But according to Henderson and Burg's (1974) list, this requirement is only one of several 
visual functions important for driving. Assuming each state tests an applicant's acuity prior to 
issuing a driving license, this factor in driving safety should, theoretically, not be a problem. 
Two other visual functions listed, detection of angular motion and detection of motion in depth, 
are usually precursors to a visual-motor action during driving. Such action is dependent upon the 
person's ability to receive the visual stimulus, process the information, and react in an 
appropriate manner. 
2 
This processing and reaction to the visual stimulus takes time. The longer it takes, the 
more hazardous driving could be. A study by Brown (1991) showed that reaction and response 
times to a visual stimulus increase steadily as a function of increasing age in people over the age 
of 50 (Figure 1). Can a vision enhancement program that addresses this change in reaction and 
response times improve a person's driving abilities and possibly influence the driving necessities 
of rapid detection of angular motion, detection of motion in depth, and dynamic acuity? 
****** Insert Fig. 1 About Here ****** 
Blades and Young (1986) performed a study designed to investigate whether visual 
reaction and response time could be improved with training. Young adults underwent a 15 session 
training regimen on the Eyespan Eye-Hand Coordinator (Figure 2). The participants' reaction 
and response times to a visual stimulus were measured using the Reaction Plus instrument (Figure 
3) prior to and after the training program. Subjects in both the experimental and control groups 
showed a significant decrease in reaction and response times associated with the training. Table 
1 shows the difference between post-training and pre-training reaction, motor response, and 
total response times. The control group change is significantly less than the experimental group 
in all three categories. The control group improvement is considered a "practice effect" due to 
repeated testing with the Reaction Plus device. With the practice effect factored out of the 
experimental group, the change in total response time is nearly 15%. Velenovsky and Prasad 
(1987) performed a similar study with similar results, suggesting that reaction and response 
speeds are trainable. 
******Insert Fig. 2, Fig. 3 and Table 1 About Here****** 
A study by Van Fraechem and Van Fraechem (1977) reported improvement in reaction 
times in previously sedentary elder females after a short training period. Other research 
indicated that rotary pursuit performance and Purdue pegboard scores were improved after a 
two month training program utilizing an arcade-style videogame in 13 subjects, 61-78 years old 
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(Drew and Waters, 1986). Based on the results of these studies we administered a training 
program similar to the Blades and Young program in order to assess the trainability of visual 
reaction and response times in people over the age of fifty. 
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METHODS 
Subj,ects: 
14 female and 5 male subjects from the ages of 50 to 80, with a mean age of 63.2 years, 
completed the study. The majority of subjects participated in the Brown study, which 
established norms for visual reaction and motor response times in elders and were recruited by 
telephone and mail. The remainder came to us by word of mouth and by information flyers 
posted around the town of Forest Grove. 
All subjects were in good general health, with no major physical impairments to 
movement such as arthritis, bursitis or rheumatism, etc. Habitual visual acuities were 20/40 or 
better, OD, OS and OU. Confrontation visual fields were normal and no strabismus was present 
with unilateral cover test. Any major field defects or strabismus would make the subject 
ineligible. Subjects could not be taking any central nervous system depressants or stimulants two 
weeks prior to, or during training. All the screening criteria were assessed prior to the first day 
of testing/ training. Preferred eye, hand and foot were determined prior to the onset of training 
for qualified subjects. 
As a reward for participation, subjects were given a certificate for a free visual exam at 
any Pacific University Family Vision Center. As an additional incentive, 3 free dinners for 2 
were offered to subjects. Two dinners were offered for the top improvements in eye-hand 
coordination and the remaining dinner was offered by random drawing amongst the rest of the 
subjects. The subjects were told of the free dinners after the initial test data were taken and 
before the training began. Eligibility for the free exam and free dinners was contingent upon 
completion of the training. 
Instruments: 
Dependent measures were recorded on the Reaction Plus instrument. The Reaction Plus 
device (available from W.R. Medical Electronics, Stillwater, Minn.) allows specific 
determination of reaction time (Rx), motor response time (MR) and total response time (Rp). The 
control console, (Figure 4) has a silent trial-initiating switch, reset button and two 1/100 second 
chronometers. One chronometer records Rx, the other Rp. MR is calculated by subtracting Rx from 
Rp. The subject's eye-hand timing console, (Figure 3) has a ready button, alignment marks and 
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stimulus light. The eye-foot apparatus, (Figure 5) uses the ready button and stimulus light of 
the subject's console for testing; eye-foot measures are taken using a dual pedal apparatus. 
Definitions of Rx, MR and Rp are as follows: 
Rx = The time elapsed from onset of the stimulus light coming on until the subject 
releases the ready button. 
Rp "' The time elapsed from onset of the stimulus light coming on until the subject 
depresses the stimulus light. 
MR = Rp - Rx; the amount of time required to make the motor movement of the hand or 
foot. 
,.,.,.,.,.,.Insert Fig. 3, Fig. 4 and Fig. 5 About Here,.,.,.,.,.,. 
The subjects were trained on the Monarch America Eyespan instrument (Figure 2). This 
122 em square, wall mounted instrument is comprised of 64 stimulus lights which also function as 
response buttons. In mode A, the stimulus light stays lit until depressed. Once depressed, another 
random light appears on the display. This sequence continues for a preselected time period, 
after which the instrument displays the number of correct responses. In mode B, the stimulus 
light stays lit only for a preselected time period and moves on to the next random light 
regardless of a correct response. This mode continues for a preselected time period, at which time 
the total number of correct responses is displayed. 
Procedure: 
The Rx/Rp measurements were conducted in accordance with the testing protocol of the 
Pacific Sports Visual Performance Profile (Coffey and Reichow, 1990). After a subject qualified 
for the study by successfully completing the screening tests he/she was scheduled for pre-
training Rx and Rp measures, and for the first training visit. With the Reaction Plus instrument, 
each subject was given a demonstration of the testing procedure prior to each test session for both 
the eye-hand and eye-foot Rx and Rp measures. The subjects were given 4 practice trials per 
each hand and foot on the first day of testing and 2 practice trials for each testing session 
thereafter. There were a total of 4 test sessions: prior to training sessions 1, 6,11, and after 15 
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training sessions. Each testing session was comprised of a total of 40 scored trialsi 10 for each 
hand, 10 for each foot. 
The following instructions were given to the subjects for all test sessions of Rx and Rp on 
the Reaction Plus: 
1. This instrument is used to measure visual reaction time. 
2. Place the palm of your right/left hand on this button so that your hand lays up 
adjacent to the line. 
3. The ready light will come on when you have placed your hand on the reaction button. 
4. Position yourself with your head directly over the response button. 
5. I will say "ready" ....... and within 1 to 5 seconds the response button will light up. 
6. Move your hand over and depress the button as quickly as possible (Tester 
demonstrates). 
The same instructions for the eye-foot testing were used except that the foot was used in 
place of the hand. Also, the position of the subject was sitting upright instead of standing, with 
head directly over the response button. 
For both the eye-hand and eye-foot measurements, after the experimenter said "ready" 
the foreperiod time was varied between 2 and 4 seconds and done in such a way that the subjects 
were unaware of the length of the foreperiod. The experimenter stood behind the subject to keep 
the control console out of sight of the subject. 
For eye-hand testing the Reaction Plus was placed on a table with the top of the device 
86 em above the floor. The subject was instructed to stand comfortably in front of the instrument. 
For the eye-foot tests, the Reaction Plus was placed on edge, facing subject, 88 em from 
center of response button to floor. There was a 2.5 meter lateral separation between the Reaction 
Plus and the front edge of standard, hard surface library chair. The foot-pedal system lies 36 em 
in front of the chair and the seat top 46 em above floor. The chair and foot-pedal system was 
anchored to the floor with tape. 
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Subjects were scheduled to visit the clinic once each business day for a 3-week period to 
perform the training task. 
The following instructions were given to the subjects for training on the Eyes pan: 
Mode A: 
1. While standing relaxed, fuily extend your arms so that your fingertips comfortably 
touch the Eyes pan directly in front of you. 
2. I will cue you by saying "ready, begin" as I push the start button. 
3. When you see one of the lights tum on, depress it as quickly as you can. 
4. Another light will come on automatically and, again, turn it of as quickly as you can. 
5. Your task is to tum of as many lights as you can in one minute. 
ModeB: 
1. Now we will do the same thing again, but this time to score you must press the 
lighted button before it goes out. The buttons will remain lit only briefly, so you must go quickly 
in order to score. 
No instruction for fixation or which hand to use was given. Each subject was asked if 
he/she had any questions, to insure understanding of the task. The Eyespan's vertical 
orientation was adjusted so the fixation line was eye level with the subject. The illumination 
level was held constant at 7 footcandles for all testing and training procedures. 
The subjects participated in 15 training sessions over a period of 3 to 4 weeks. The 
training and testing schedule included: 
First meeting: Entrance criteria measured and determination of 
eligibility. 
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Training day 1: 
Training days 2-5: 
Training days 6-10: 
Training days 11-15: 
Rx, Rp eye-hand, eye-foot testing; 4 mode "A" 
and 4 mode "B" Eyespan trials. Total time about 
30minutes. 
4 mode "A" and 4 mode "B" Eyespan trials. 
4 mode "A" and 4 mode "B" Eyespan trials. Rx, Rp 
eye-hand, eye-foot testing prior to training on day 6. 
4 mode "A" and 4 mode "B" Eyespan trials. Rx, Rp 
eye-hand, eye-foot testing prior to training on day 11. 
Subjects came in for final post-test session of Rx, Rp eye-hand and eye-foot testing 
within 3 days of the final training session. 
The investigators and trained technicians monitored the subjects during training, 
performed the eye-hand/ eye-foot testing and keep daily records of each subject. 
Mode "B" preselected exposure time started at 1.00 second. Once the subject "hit" 80 % of 
the lights at 1.00 second, the exposure time was reduced to .75 second, then .50 second, etc. If a 
subject failed to "hit" 50% of the lights during a training session, the exposure time was 
increased by one level for the next training session. 
80% @ 1.00 sec. = 48 "hits" 
80% @ 0.75 sec. = 64 "hits" 
80% @ 0.50 sec. = 96 "hits" 
50% @ 1.00 sec. = 30 "hits" 
50% @ 0.75 sec. = 40 "hits" 
50% @ 0.50 sec. = 60 "hits" 
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No subjects did better than 80% @ 0.50 sec. Occasionally a subject did less than 50% @ 
1.00 sec., so we increased the pre-set time to the next setting (1.50 sec). 
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RESULTS 
Analyses of variance were performed on the training task (mode A), comparing the 1st, 
5th, lOth, and the final training session scores. This revealed that the group demonstrated a 
significant improvement on the training task (F = 8.90, df = 18,3; p < 0.0001). A plot of the mode 
A training session changes shows a steady and nearly linear increase in the number of "hits" per 
minute throughout the training period. (Figure 6) 
****** Insert Fig. 6 About Here ****** 
Analyses of variance were also performed comparing the 1st, 2nd, and 3rd with the 
pretraining Reaction Plus Rx, MR and Rp test times. The results of the individual elements 
tested (RH, LH, RF, LF) are explained as follows. These results are graphed using the mean test 
time versus the testing session number. These figures can be found at the end of the text. 
The only significant change in the left hand (LH) was in MR (F = 3.387, df = 18,3; p = 
.0245). The significant differences are in LH MRl vs. LH MR2 (p = .0474) and LH MRl vs. LH 
MR4 (p = .0282) as shown by the paired t-test. The Rx (F = 0.212, df = 18,3; p = .8874) and Rp (F = 
2.620, df = 18,3; p = .0600) showed no change. (Figures 7-9) 
****** Insert Fig. 7, Fig. 8 and Fig. 9 About Here ****** 
The right hand (RH) showed significant changes in MR (F = 3.179, df = 18,3; p = .0312) 
and Rp (F = 3.886, df = 18,3; p = .0138) The MR change is in RH MRl vs. RH MR4 (p = .0295) and 
the Rp changes are in RH Rpl vs. RH Rp2 (p = .0136) and RH Rpl vs. RH Rp4 (p = .0258) as 
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shown by the Hest. No change in Rx (F = 2.216, df = 18,3; p = .0967) was revealed . (Figures 10-
12) 
****** Insert Fig. 10, Fig. 11 and Fig. 12 About Here ****** 
The left foot (LF) showed significant changes in Rp (F = 6.221, df = 18,3; p = .0001) and 
MR (F = 8.155, df = 18,3; p = .0010). The Rp change is in LF Rp1 vs. LF Rp4 (p = .0022) and the MR 
change is in LF MR1 vs. LF MR4 (P = .0008) as shown by t-test. No change in Rx (F = .881, df = 
18,3; p = .4566) was revealed. (Figures 13-15) 
****** Insert Fig.13, Fig. 14 and Fig. 15 About Here ****** 
The only significant change in right foot (RF) was in MR (F = 5.647, df = 18,3; p = .0019). 
The changes are in RF MR1 vs. RF MR2 (p = .0333) and RF MR1 vs. RF MR4 (p = .0027) as shown 
by t-test. The Rx (F = .949, df = 18,3; p = .4238) and Rp (F = 1.949, df = 18,3; p = .1327) showed no 
change. (Figures 16-18) 
****** Insert Fig. 16, Fig. 17 and Fig. 18 About Here ****** 
A paired t-test was used to compare the pre-training test times (MR1, Rx1 and Rp1) to 
the test times after the first 5 training sessions (MR2, Rx2 and Rp2) and to the final test times 
(MR4, Rx4 and Rp4). Table 2 shows the results. Any significant changes are in bold type. 
****** Insert Table 2 About Here ****** 
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Pearson correlation between the change in Reaction Plus pre-training to post-training 
times and the change in Eyespan training session 15 to training session 1 scores, were low. The r-
values of these correlations are shown in Table 3. 
****** Insert Table 3 About Here ****** 
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DISCUSSION 
The purpose of this study was to determine whether visual reaction and/or response 
speeds could be improved within a sample of elders. A program of eye-hand coordination 
training over a period of approximately three weeks was assessed to determine it's influence on 
visual reaction and response speeds. The only consistent significant changes found throughout 
the testing process were the MR times. Each of the modalities tested (left and right hands, left 
and right feet) showed significant improvement from MRl to MR4. It is impossible to determine 
whether these measured improvements may be attributed to the training program or to the task 
familiarity associated with repetitive testing. Since we found changes in MR in the eye-foot 
measure, which was not specifically trained, it is likely that the MR changes were due to a 
learning effect specific to the testing apparatus. 
Significant changes were also found in the right hand and left foot Rp times. This was 
due only to the change in their respective MR times, not Rx times. 
There were. no significant changes in Rx times in any modality measured. Examination of 
the plots of the Rx times show some bizarre and unexplainable results. The plots of the right 
and left feet Rx times actually show a slowing of reaction times from Rxl to Rx2. We examined 
many parameters to determine what may have caused these results, but found nothing. We can 
only attribute these results to subject variability. 
The large amount of variability in the testing results reflects the difficulty in working 
with human subjects. Some of the subjects didn't keep a regular schedule of coming in for 
training, skipping some days which prolonged the training program beyond our initial estimate. 
Several subjects also reported not feeling well at times. These factors may have had some effect 
on the results. 
Blades and Young (1986), and Velenovsky and Prasad (1987), found that Rp and MR 
times can be enhanced significantly among young adults through a training program using a 
control group to factor out the "practice effect " associated with multiple testing sessions. 
Although we did measure a significant improvement in all the MR and two of the Rp areas, we 
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did not use a control group to determine the expected "improvement" which may be attributed to 
repeated testing in a' sample of elders. Hence, the basis for the improvements in MR found in 
this study is unknown. 
Motivation for improvement on the testing task may have varied between subjects and 
caused some of the variability seen in the dependent measures. We performed our experiment 
primarily in the month of June, which can be a busy time for many people. The motivation of a 
free vision exam and the possibility of a free dinner may have not been enough to motivate the 
subjects to perform on a level we had hoped for. In the future there is a possibility that a 
minimal level of visual reaction and /or response times may be a requirement to continue to drive 
past a certain age. This may provide a much stronger motivational factor for improvement. 
Reaction and response times have been shown to be important factors for safe driving. 
With the need and desire for mobility in this country and the expanding elder population, the 
optometric profession should be ready for, and are ideally positioned to provide the services 
necessary to allow the quality of life that is expected. 
Although we did not achieve the results we had hoped for, the results of this 
preliminary study are still provocative. Other research has demonstrated that visual reaction 
and response times can be influenced by training. Therefore, further research should be conducted 
to expand and verify our preliminary results. Any such studies should incorporate the following 
suggestions: A more rigorous training schedule with increased compliance to schedules and 
stronger motivational factors. Use of a control group to compare experimental data, and fewer 
testing sessions so there may not be as much practice effect as we appear to have found. Also, do 
follow-up testing sessions at 3 and 6 months to see if there is any long lasting effects of this type 
of training. 
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PLOTTED AS MEAN TEST TIME VS. TESTING SESSION. 
TIME: MS ERROR BARS: +1- 1 S.E. 
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FIGURES 15-18 
GROUP REACTION PLUS RESULTS OF INDIVIDUAL MODALITIES 
PLOITED AS MEAN TEST TIME VS. TESTING SESSION. 
TIME: MS ERROR BARS: +/-1 S.E. 
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TABLE 2. PAIRED t- TEST FOR INDIVIDUAL MODALITIES COMPARING 
REACTION PLUS TESTING SESSION 1 WITH SESSION 2 AND SESSION 4. 
BOLD VALUES ARE SIGNIFICANT. 
Paired t-test P-Value t-Value 
LH Rx1, LH Rx2 .5849 0.556 
LH Rx1, LH Rx4 .4602 0.755 
LH MR1, LH MR2 .0474 2.128 
LH MR1, LH MR4 .0280 2.390 
LH Rp1, LH Rp2 .0206 2.538 
LH Rp1, LH Rp4 .0255 2.435 
RH Rxl, RH Rx2 .0418 2.192 
RH Rx1, RH Rx4 .2007 1.328 
RHMR1, RHMR2 .0537 2.065 
RH MR1, RH MR4 .0295 2.364 
RH Rpl, RH Rp2 .0136 2.736 
RH Rp1, RH Rp4 .0258 2.430 
LF Rx1, LH Rx2 .3242 -1.014 
LF Rx1, LH Rx4 .6427 0.472 
LF MR1, LH MR2 .1414 1.538 
LF MRl, LH MR4 .am 4.006 
LF Rpl, LH Rp2 .4301 0.807 
LF Rp1, LH Rp4 .0022 3.571 
RF Rx1, RF Rx2 .3371 -.986 
RF Rxl, RF Rx4 .2995 -1.086 
RF MRl, RF MR2 .0333 2.304 
RF MRl, RF MR4 .0027 3.472 
RF Rpl, RF Rp2 .0620 1.990 
RF Rpl, RF Rp4 .0402 2.211 
Tr i5-Trl 
LH RX Chng 
LH MR Chng 
LH Rp Chng 
RH RX Chng 
RH MR Chng 
8H Rp Chng 
LF RX Chng 
LF MR Chng 
LF Rp Chng 
RF RX Chng 
RF MR Chng 
RF Rp Chng 
Tr 15-Tr 1 LH RX Chng LH MR Ch ng LH Rp Chng RH RX Chng RH MR Chng RH Rp Chng LF RX Chng LF MR Chng LF Rp Chng RF RX Chng RF MR Chng RF Rp Chng 
I 
0. 178 I 
0. II 0.027 I 
0.179 0.493 0.883 I 
0.056 0.83 1 0.186 0.552 I 
0. 172 0.299 0. 772 0.812 0.27 I 
0. 157 0.622 0.676 0.88 0. 68 0.889 I 
-0. 198 0.499 0.375 0.561 0.509 0.428 0.567 I 
0.126 0.332 0. 15 0.286 0.406 0. 168 0.321 - 0.042 I 
-0.0 16 0.575 0.351 0.575 0.642 0.398 0.608 0.573 0.795 I 
-0.0 51 0.406 0.208 0.372 0.435 0. 439 0.541 0.5 14 0.179 0.459 I 
0.088 0.179 0. 164 0.227 0.133 0.079 0.123 - 0.072 0.633 0.475 - 0.1 84 I 
0.039 0.438 0.286 0.454 0.419 0.375 0.484 0.299 0.665 0.727 0.545 0.724 
TABLE 3. PEARSON r- VALUES FOR CORRELATIONS BETWEEN SCORES IN EYE-SPAN TRAINING AND CHANGE IN REACTION 
PLUS TESTING SCORES. 
